During the 20th century, the human vomeronasal organ (VNO) has been controversial regarding its structure, function, and even identity. Despite reports that provide evidence for its presence throughout prenatal and postnatal ontogeny, some studies and numerous textbooks declare its absence in late fetal and postnatal humans. To that end, the present study was designed to establish firmly whether the human VNO is homologous with that of other mammals and whether it degenerates (partially or completely) or persists throughout prenatal development. Fifty human embryos and fetuses (33 d to 32 wk fertilisation age) and 2 neonates were examined by light microscopy. Four embryonic primates (mouse lemurs) were examined for a comparison of VNO embryogenesis. The presence or absence and structural characteristics of the VNO and supporting tissues are described. The first appearance of the VNO was in the form of bilateral epithelial thickenings of the nasal septum, the vomeronasal primordium. The primordia invaginated between 37 and 43 d of age and formed the tubular VNO. The tubular VNO was located dorsally at a variable distance from, but was always spatially separated from the paraseptal cartilages. The mouse lemurs examined in this study and other reports from the literature indicate that the human VNO resembles that of primates having functional VNOs until just after a tubular VNO is formed. Examination of the VNO and adjacent tissues suggested that the VNO may lose receptor cells and corresponding vomeronasal nerves and become a ciliated, pseudostratified epithelium between " 12 and 14 wk of age. Our findings indicate the prenatal human VNO goes through 3 successive stages : early morphogenesis, transformation (of the epithelium), and growth. These observations indicated that (1) all embryonic humans develop a vomeronasal organ which is homologous with the VNOs of other mammals, but which has become displaced and highly variable in relative location during embryogenesis ; (2) the human vomeronasal organ does not degenerate prenatally, but very likely loses the functional components of the vomeronasal complex of other mammals ; and (3) the remnant of the human VNO persists until birth and beyond.

For more than a century, the human vomeronasal organ (VNO) has been a controversial structure with respect to its functional characteristics (Johnson et al. 1985 (Johnson et al. , 1994 Ortmann, 1989 ; Takami et al. 1993) , physiology (Monti-Bloch et al. 1998 a, b ; Preti et al. 1997 ; Keverne, 1999) , homology to the VNOs of other vertebrates (Gegenbaur, 1886 ; Jordan, 1972 ; Preti et al. 1997) , and even its existence in late fetuses and adults (Potiquet, 1891 ; Pearlman, 1934 ; Crosby & Humphrey, 1939 ; Nakashima et al. 1985) . This
Correspondence to Dr Timothy D. Smith, School of Physical Therapy, Slippery Rock University, Slippery Rock, PA, 16057, USA. Tel. : j1724-738-2885 (TDS), j1 502-852-5174 (KPB) ; fax : j1 724-738-2113 (TDS), j1 502-852-6228 (KPB) ; e-mail : timothy.smith!sru.edu ; bhatnagar!louisville.edu controversy has most often stemmed from anatomical\ spatial\histological differences between the simple epithelial tubes of humans (Youssef, 1962 ; Johnson et al. 1985) compared with the well-developed ' vomeronasal complex ' (Cooper & Bhatnagar, 1976) observed in most mammals (Jacobson, 1811 ; see also Bhatnagar & Reid, 1996) . Such fundamental differences have called the functionality and even identity of the human VNO into question.
In fetuses and adults, the human VNO differs in point of communication with the nasal cavity (Gegenbaur, 1886) , in spatial relationship with the paraseptal (vomeronasal) cartilages (PCs) compared with most mammals (Maier, 1997 ; , and in histological structure (Johnson et al. 1985 ; Nakashima et al. 1985 ; Boehm & Gasser, 1993 ; Smith et al. 1998 Smith et al. , 1999 . Attempts to trace neural connections of the VNO to the brain in adult humans have failed (Bhatnagar et al. 1987 ; , whereas vomeronasal nerves and the primary central connection (the accessory olfactory bulb, AOB) are clearly delineated in other adult mammals where present (McCotter, 1912) . The functional components of the VNO in other mammals include clearly delineated receptor-free (lateral) and sensory (medial) portions of the epithelia, the latter with sensory receptor cells possessing long microvilli (Breipohl et al. 1979) . In contrast, the fetal and adult human VNOs have most often been described as having a homogeneous epithelium along medial and lateral aspects (Johnson et al. 1985 ; Nakashima et al. 1985) . The presence of receptor cells remains controversial for adult humans (Moran et al. 1991 ; Takami et al. 1993 ) and some studies have suggested an age related decrease in receptor population during fetal development (Ortmann, 1989 ; Boehm & Gasser, 1993) . Surface specialisations are also different in humans since cilia (Jordan, 1972 ; Johnson et al. 1985 ; Smith et al. 1998 ) and short microvilli (Moran et al. 1991) have been described on the apical surface of the VNO epithelium. Despite such distinctions, some reports have even recorded physiological correlates of adult human VNO function (Monti-Bloch et al. 1998 a) .
Related to these differences is the question of whether the human VNO should truly be considered the homologue of the sensory structure as observed in other mammals. There are developmental aspects to indicate that the human VNO is truly homologous with the VNO of other vertebrates. It derives from a similar medial invagination of the olfactory placode (Bossy, 1980 ; Garrosa et al. 1992 Garrosa et al. , 1998 , with similar afferent pathways (vomeronasal nerves : Read, 1908 ; Pearson, 1942) and central connections (AOB : Humphrey, 1940) during embryonic development. Even so, the position of the fetal human VNO and the presumptive VNO of the fetal chimpanzee (Pan troglodytes) is relatively dorsal and spatially separated from the paraseptal cartilages (Johnson et al. 1985 ; Maier, 1997) , a condition that has led some authors to question the homology of the VNO of Homo and Pan to the mammalian VNO (Gegenbaur, 1886 ; Maier, 1997) . Even if the spatially atypical human VNO is homologous with the VNO of other mammals, some authors presented evidence that it disappears during fetal development (Nakashima et al. 1985 ; . Despite developmental similarities, the adult human VNO has an unclear ontogenetic relationship to the VNO of fetuses since references to the structures in neonates and children have rarely been made (Parker, 1922 ; Noyes, 1935) . So the question remains : is the adult human VNO homologous with the VNO of other mammals (Preti et al. 1997) ?
The recent resurgence of interest in the human VNO has clearly yielded new information, but has also added a list of contradictory findings. Does the human VNO grow prenatally (Smith et al. 1996 (Smith et al. , 1997 Sherwood et al. 1999 ) and persist in adults (Ishimitsu, 1958 ; Chouard et al. 1972 ; Moran et al. 1991 Moran et al. , 1995 Smith et al. 1998) or does it degenerate prenatally (Nakashima et al. 1985 ; a) ? Do adult human VNOs have receptor-like cells (Moran et al. 1991 ; Takami et al. 1993) or are receptor cells lost during fetal development (Ortmann, 1989 ; Boehm & Gasser, 1993) ? In short, there is a great need for a thorough ontogenetic study to establish : (1) whether the homologue to the mammalian VNO ever forms in embryonic humans ; (2) whether the human VNO becomes degenerative prenatally (e.g. loss of receptor cells) ; and (3) whether the human VNO persists until birth or completely disappears. To that end, the present study revisits the question of homology of the human VNO and examines ontogenetic features which may elucidate the question of functionality. Part 1 of the study (Bhatnagar & Reid, 1996) dealt with historical perspectives.
  
Fifty male or female prenatal humans (23 embryos, 27 fetuses) and 2 neonates were examined in the present study. All but 1 of these specimens were available from existing collections of serially sectioned human embryos and fetuses (Table 1 ). All except 2 specimens selected for this study had no recognisable craniofacial abnormalities, based on specimen records. Two specimens had records indicating cleft palate (23 wk ; 1 neonate), but were included in this study because examination of serial sections revealed no clefts of the lip or palate. Techniques used to estimate age varied among the collections (for more details see Kraus et al. 1966 ; Siegel et al. 1984 ; Smith et al. 1996) . Therefore, both estimated age and crown-rump length (CRL) were recorded if available (Table 1) . Where menstrual age was recorded, we subtracted 2 wk to standardise for fertilisation age. -H6"  32 d  6  S-18C  9n0 wk  55n5  UL-H10  ?  10  S-4C  10n0 wk  66n0  X1777#  33 d  9  S-19C  10n0 wk  66n0  X637  35 d  ?  S-9C  11n5 wk  80n0  X612  35 d  8n5  S-15C  12n5 wk  107n6  X281  35 d  10n4  S -5 C  1 3 n0 wk  107n0  X1938  35 d  10n5  S-20C  13n0 wk  105n9  UL-H12  ?  12  S-16C  14n0 wk  121n1  X2643  37 d  17  S-2C  14n5 A near term fetus (" 32 wk ) became available from the Department of Anatomical Sciences and Neurobiology, University of Louisville. The nasal septum and palate of this specimen was fixed in Bouin's solution and decalcified in a formic acid-sodium citrate decalcifying solution. The tissue was then paraffin embedded, serially sectioned at 10 µm in the coronal plane, mounted on glass slides, and stained using the Gomori 1-step trichrome procedure (Gomori, 1950) .
In addition, 4 lemur embryos (Table 1) were examined from the Bluntschli collection (Department of Mammalogy, American Museum of Natural History, New York) of sectioned primate embryos and fetuses. These included 1 specimen of Microcebus murinus and 3 specimens of Microcebus myoxinus, which were selected based on external characteristics of the embryos observed from archived photographs.
Serial sections in the presumptive VNO region were examined by light microscopy using a Leica photomicroscope. Sections were photographed using Olympus Vanox or Leitz Aristophot photomicroscopes. Structures related to the VNO were described in an anterior to posterior sequence through the face, parallel to the developing palate. Tracings were made ( Fig. 1 ) using photographic slides or from specimens pictured in Kraus et al. (1966) . Scale bars were included when calibration was possible 8) . For embryos where sectional thicknesses were recorded, lengths of structures related to the VNO were quantified by multiplying the number of sections by sectional thickness. Length data were then tabulated with previously published data on the fetal human VNO from Smith et al. (1997) .

Except for 2 cases (Tables 1, 2) , all embryos had either the VNO or a vomeronasal organ primordium (VNP). In 33 to 41 d human embryos (Table 1 ; Figs 1, 2), the VNP was clearly visible as an epithelial swelling on the lower and medial aspect of the nasal pit (Figs 1 A, B, 2 A, 4A), as described in other mammals (Garrosa et al. 1998 ). This tissue was located on the lateral surfaces of the median nasal prominence and was first visible (at 33 d) before the mesenchymal condensation of the nasal septum was detected ( Fig. 1 A) . The thickening of the VNP was only slight in the 33 d embryo but was well-defined in all other embryos from 35 to 41 d of age. Among the 33 to 37 d embryos, the VNP extended anteroposteriorly from 144 to 340 µm (Table 2 ) and was therefore an elongated epithelial thickening ( Fig. 2 A-C ). Presumptive vomeronasal nerves could be seen connecting to the VNP. The anterior part of the VNP was in the form of an epithelial indentation, or groove ( Fig. 2 A, D) . In 37-41 d embryos, the VNP was continuous posteriorly with an epithelial tube, which was found in the lamina propria of the nasal septum ( Fig. 2 D-F ). Compared with a 37 d embryo, proportionately more of the VNO epithelium was in a tubular form (instead of the VNP) in 41 d embryos (Table 2 ). In the 43-45 d embryos, the VNP was not visible. Instead, the presumptive VNOs were in the form of bilateral tubes . The VNOs were typically found above the bulbous inferior tip of the nasal septum and at a variable distance above it. Spatially, the VNOs were completely overlapped by PCs in all cases. Subsequent to palatal shelf elevation, the VNOs were typically found in the premaxillary (pmx) region of the midface (G-P), but also overlapped the ventralmost aspect of the vomer bone (vm). lnp, lateral nasal prominence ; vnn, vomeronasal nerves ; re, respiratory epithelium.
which opened anteriorly into the nasal cavity above the level of the inferior bulbous tip of the nasal septum ( Fig. 2 G-I ). VNOs ranged from 210 to 340 µm among specimens in this age range (Table 2 ). VNOs were found in this spatial position in every case, although the distance from the paraseptal cartilages varied (Figs 1-3 ). Presumptive vomeronasal nerves were observed to connect to the tubular VNOs in specimens from 43 d to 18 wk of age (Figs 1, 3 ). In specimens from 14 to 18 wk , the vomeronasal nerves appeared to be restricted to the posterior-most portion of the VNO epithelium. , which appeared to reflect progressive invagination of the VNP. In embryos 43 d of age and older, no VNP was found, and instead a continuous epithelial tube (vno) was observed (G-I ) which had a ventral communication with the nasal cavity (asterisk, G). mnp, medial nasal prominence ; lnp, lateral nasal prominence ; n, nasal septum ; pc, paraseptal cartilage ; vnn, vomeronasal nerves. Bar, 500 µm.
Among embryos, epithelial thickness around the perimeter of the VNO varied. The superior surface of the epithelium was thickest in most specimens. However, the medial versus lateral epithelial walls varied so that in some cases there was greater thickness medially and while in other cases laterally (Fig.  4 G, H ) . VNO epithelium varied in comparison with the respiratory epithelium that lined the nasal septum. In specimens from 43 d to approximately 12 wk, VNO epithelia were thicker than respiratory epithelia ( Figs  1 A-H, 4G, 5A ). In specimens older than 12 wk, respiratory epithelia appeared to be thicker ( Figs  1 I-Q , 5B).
The epithelium of the VNO was densely populated with cells from its first appearance as a tube (37 d) to approximately 12 wk of age (Fig. 4 G, H ) . In some 37 to 41 d embryos, the lumen was not detected in ' tubular ' portions of the VNO. All specimens from 43 d and older possessed a well-delineated VNO lumen.
All fetuses had a tubular VNO. In 1 case (32 wk fetus), the epithelial tissues showed substantial degradation, but the VNO lumen and part of its epithelium could be identified (Fig. 4 D) . Compared with embryos, the VNO lumen of fetal specimens appeared to proportionately larger (Fig. 5 A, C ) and the epithelium was more simplified (only 2-3 rows of nuclei), especially from 14 wk until birth. In most fetuses 10 wk and older (Fig. 5 C ) , and in 1 neonate, there were cilia present at the apex of the VNO epithelium. Some, but not all, specimens from 10 to 13 wk of age had patches of VNO epithelium that were devoid of cilia. Most specimens 14 wk and older had a continuous ciliated border (i.e. medially, laterally, superiorly and inferiorly). In some cases, it was difficult to detect whether cilia were present due to distortion from a greater sectional thickness. Quantification of VNO length has been previously reported for embryos and fetuses from 6 to 28 wk of age (Smith et al. 1997 ; Table 2 ). VNO length could not be quantified in neonates since sectional thicknesses were not available for all sections containing a VNO.
Among fetuses 19 wk and older, nerves were frequently visible in lamina propria surrounding the VNO, but it was impossible to detect whether they were directly associated with the VNO epithelium or not. One specimen, a near term fetus, exhibited a single neuron that was closely adjacent to the VNO (Fig. 4 E ) , as though belonging to the paravomeronasal ganglia (such as the one described in the bat Artibeus jamaicensis by Bhatnagar & Kallen, 1974) .
No stages with the VNP were available for study among the lemur embryos. The 3 earliest embryonic stages available (8 and 9 mm M. myoxinus, 11 mm M. murinus) showed tubular VNOs that exhibited rostral connections to the nasal cavity, seen in cross-section as epithelial notches in the lateral surface of the nasal septum (Fig. 6 B) . Posterior to this opening, the VNO assumed a simple tubular form. This was observed whether the palatal shelves were unfused (positioned vertically in the parasagittal plane) or fused (Fig. 6 B) . In the 9 mm M. myoxinus embryo, the primordial nasopalatine duct (NPD) was first observed (Fig. 6 B) . The VNOs of this specimen exhibited lateral communications to the nasal cavity, but no communication to the oral cavity since the NPD was fused. In the 13 mm M. myoxinus embryo, the opening of the VNO was obscure, but appeared to communicate only with the primordial, fused NPD. The medial\lateral differen- tiation of the VNO epithelium appeared to have been established in this specimen.

Among the numerous persisting questions regarding the human VNO, its homology to the VNO of other mammals is of the most immediate importance ; the answer may render questions of functionality moot. The homology debate has continued for more than a century, and has primarily focused on adult human VNOs (Gegenbaur, 1886 ; Jordan, 1972 ; Maier, 1997 ; Preti et al. 1997 ; Smith et al. 1998 ; Preti & Wysocki, 1999) . Some remarkable differences between the human VNO and that of other mammals have sustained this controversy. Since studies of specific stages (e.g. Jordan, 1972 ; Johnson et al. 1985 ; Smith et al. 1996 Smith et al. , 1997 or isolated specimens (Nakashima et al. 1985) have predominated the literature, it has been difficult to firmly establish whether the human VNO persists throughout all stages of human development. Such sporadic observations may also confuse aspects of development and functionality. Ontogenetic studies have revealed marked differences between prenatal age groups (Boehm & Gasser, 1993 ; Smith et al. 1999) ganglion (inset from D : pvng, E ) was observed in a near term fetus. The epithelium of the VNO appeared to simplify with respect to nuclear rows during the third trimester (I, 13 wk fetus) compared with younger specimens (H, 8 wk embryo). In some specimens, the medial wall of the VNO was thicker compared to the lateral wall (G, 22 mm CRL embryo), but in others the lateral wall was thicker (H ). The lamina propria of the VNO was highly vascular and glandular (I ; gl, gland). The central image (J) shows a human embryo sectioned in the sagittal plane. A portion of the VNO can be seen in the anterior-inferior portion of the nasal septum (see inset, K), running parallel to the plane of the palate. Bars : A, 500 µm; B, not available ; C, 1 mm ; D, 1 mm ; E, 100 µm; F, 1 mm ; G, 100 µm; H, 50 µm; I, 50 µm; J, 3 mm ; K, 100 µm.
and especially between prenatal and adult VNOs (Stensaas et al. 1991 ; Smith et al. 1999 ).
Since our observations derive from cross-sectionally aged samples, we have made certain ontogenetic assumptions (e.g. invagination of the VNP and luminal enlargement). Because ageing techniques varied among samples used in the present study, some variation may have been introduced in the apparent timing of developmental events. This probably explains why one embryo aged 44 d possessed a VNP, but others had a tubular VNO (this specimen was similar to other embryos of the same size, however). This also may explain why Bossy (1980) stated that the VNP first appeared at about 37 d, whereas our sample indicated it was present earlier (33 d). Nonetheless, the present study and others (e.g. Bossy, 1980 ; Kreutzer and Jafek, 1980 ; Sherwood et al. 1999) agree that this primordium of the vomeronasal organ is present in embryos ranging from 8 to 20 mm CRL.
The present study utilised the most complete series of embryos, fetuses, and neonates that has been examined to date. In combination with previous findings (Smith et al. 1997 (Smith et al. , 1999 , our results suggest that there are 3 stages of prenatal development of the human VNO. SN, specimen number (see Table 1 for sources of specimens) ; CRL, crown-rump length ; NF, VNP not yet formed ; VNP, vomeronasal organ primordia ; VNT, invaginating (tubular) part of vomeronasal organ primordium ; VNO, completely tubular vomeronasal organ.
Stage I : early morphogenesis (33 d-10 wk) : formation of the tubular VNO
Our observations in the present study support the description of the human VNO by Kreutzer & Jafek (1980) , who suggested that the embryonic VNO invaginates from an epithelial thickening (the VNP). The earliest appearance of the human VNP is as an elongated, thickened epithelial patch on the medial aspect of the nasal pit ( Fig. 2A, C ) . Embryos at 33- 35 d showed a continuous, uninvaginated VNP. In 37 d embryos, the VNP was either uninvaginated or continued into a tube in the posterior-most sections only. In the 43 to 45 d embryos, the VNP had disappeared and the VNO was entirely tubular. Therefore, our observations are consistent with the idea that the tubular VNO forms via posterior to anterior invagination of the VNP (Kreutzer & Jafek, 1980) with little change in length during this time. It was interesting that in some but not all cases the VNO did not appear to possess a lumen in early stages of invagination. This suggests that either the VNO does not have a lumen at first, or the lumen initially collapses and is obscured. The lumen might therefore secondarily invade (e.g. via apoptosis) the more posterior parts of the epithelial tube following initial invagination. The VNP has been described in rodent embryos (Yoshida et al. 1993 ; Garrosa et al. 1992 Garrosa et al. , 1998 , some bat embryos (Bhatnagar et al. 1996) , and primates (vnc, pc) . In humans, the VNO is spatially separated from the paraseptal cartilages to a variable degree (D). Some Catarrhine primates appear never to develop a tubular VNO, and only possess a primordium (E, F ) throughout development (Zingeser, 1984) . The chimpanzee might possess a VNO similar to that of humans, based on a 71 mm fetus (G) described by Maier (1997) . Drawings standardised to similar size ; scales unavailable. Double arrows, vomeronasal nerves ; ?, alternate candidate for a VNO homologue suggested by Maier (1997). (Fig. 7) . It has been noted in primates that go on to develop functional VNOs in the adult (e.g. Callithrix jacchus ; Phillips, 1976) and also in primates for which VNOs are reported to be absent in adults (e.g. Papio and Macaca spp. ; Hendrickx, 1971 ; Wilson & Hendrickx, 1977 ; Zingeser, 1984) . Based on the VNO in Microcebus embryos examined herein (Fig. 6B ), it appears that the VNO may communicate with the nasal cavity alone before the formation of the nasopalatine duct (which serves as a site of communication in many mammals, including prosimians and New World primates ; see Wysocki & Meredith, 1987 for further details). Since it can be shown that the VNP forms prior to the secondary palate in many mammals (Hendrickx, 1971 ; Yoshida et al. 1993) , the communication of the VNO with the nasal cavity should be considered the primary embryological event, whereas communications with the oral cavity (via the nasopalatine duct), should be considered a secondary developmental formation, in some but not in all mammals. In this light, the connection of the human VNO with the nasal cavity alone is not entirely bizarre, but perhaps a developmentally arrested state compared with primates such as Microcebus (Fig.  6A, B) . The simple tubular form of the human VNO also appears to mimic a relatively early stage of VNO morphogenesis in primates (Figs 6B, 7B).
Stage II : transformation (10-15 wk) : gradual replacement of receptor population with ciliated cells
In most mammals, there is a differentiation between medial and lateral VNO epithelium, such that the medial side is a much thicker, microvillous sensory epithelium and the lateral side is a thinner, ciliated, receptor-free epithelium (Breipohl et al. 1979 ). Such differences have rarely been observed in human VNOs, and only during embryonic stages (Read, 1908) . Our observations suggest that there is sometimes greater epithelial thickness on the medial aspect of the VNO epithelium in human embryos, but this is highly variable in older embryos and fetuses. The presence of receptor cells in this sample was uncertain since sectional thickness often precluded a clear observation of bipolar cells as noted in the sensory VNO epithelium of other mammals (Vaccarezza et al. 1981) . However, the VNO epithelium in embryos from 43 d to at least 12 wk of age was relatively complex in nuclear density (similar to olfactory epithelium), whereas in older specimens, the VNO appeared to be comprised of respiratory-type epithelium. In agreement with this suggestion, Ortmann (1989) and Boehm & Gasser (1993) each presented data confirming the presence of receptor cells during embryonic and early fetal development and each suggested a subsequent decrease in receptor cells numbers. Furthermore, Boehm & Gasser (1993) described cilia in the VNOs of fetuses. Smith et al. (1998) stated the importance of establishing the distribution of ciliated cells in the human VNO. The present study revealed that cilia are present as early as 10 wk fertilisation age, and persist until birth. In some specimens (Fig. 5C ) it was clear that the entire apical perimeter of the VNO epithelium was ciliated. These observations are significant since ciliated cells are not a component of the VNO sensory epithelium in other mammals (Ciges et al. 1977) , even if they appear to intermingle with receptor cells at the margins of the receptor-free epithelium (e.g. Zuri et al. 1998) . Our findings support those of Boehm & Gasser (1993) who found cilia in some human fetal specimens from 12 to 36 wk gestational age (10-34 wk fertilisation age) and Jordan (1972) who described the VNO as ciliated in fetuses from 5 mo until birth. Our results also concur with Boehm & Gasser's (1993) description of cilia that were only around the lower surface of the VNO epithelium in younger fetuses, but completely ciliated VNO epithelia were noted in older fetuses. Based on the timing of cilia formation indicated by Boehm & Gasser (1993) and our findings, it appears that a transformation of the epithelium (i.e., a decreasing number of receptor cells and increasing numbers of ciliated cells) is occurring in the early fetal period.
Stage III : growth (14 wk until birth) : volumetric growth of the VNO epithelium and luminal expansion
The definitive human VNO (fetal or adult) has been described as a tubular structure, without medial\ lateral differentiation of its epithelium (see Fig. 1 for fetal stages). This has also been difficult to reconcile with the idea of homology (Gegenbaur, 1886 ). An examination of the literature suggests a developmental basis for the simplified structure of the human VNO. Two studies have described evidence for a gradual decrease in receptor cell population during early fetal development (Ortmann, 1989 ; Boehm & Gasser, 1993) . Furthermore, Smith et al. (1999) described a decrease in VNO epithelial complexity between 14n5 and 16 wk postmenstrual age, which is supported by our observations herein. Taken together, these findings may reflect a net loss of vomeronasal receptors during fetal development. The vomeronasal epithelium that remains subsequently exhibits a decreased complexity compared with other mammals, and even compared with embryonic humans, where the epithelial cell nuclei are found arranged in multiple rows Smith et al. 1999) . Whether some receptor cells persist beyond the prenatal stages remains a topic for further investi-gation, which will be addressed in part III of our investigation (Bhatnagar & Smith, unpublished observations) .
Despite this decrease in epithelial complexity, it is known that the human fetal VNO epithelium increases in volume with age, most rapidly from 14 wk fertilisation age and older (Smith et al. 1997) . For this reason, we consider epithelial growth, presumably via cellular hypertrophy, to be the final prenatal stage of human VNO development. Nonetheless, it is clear that the VNO does not grow as rapidly as cartilaginous structures during the same time frame (Smith et al. 1996) . The present study also suggests that other epithelial tissue (respiratory epithelium) may be growing more rapidly than the VNO epithelium.
Our results suggest that vomeronasal nerves can easily be detected until about 18 wk of age. After this period, there are identifiable nerves in the lamina propria around the VNO, but their association with the epithelium of the VNO is uncertain. Previous studies have suggested that the vomeronasal nerves may indeed degenerate after 23 wk gestational age (Boehm & Gasser, 1993 ; Boehm et al. 1994) . When this is coupled with the apparent decrease in cellular density, it is possible that the receptor population is either reduced or completely lost during the third trimester of development. However, our findings do not rule out the possibility that vomeronasal nerves may persist until birth. In late fetuses and neonates, the association of adjacent nerves with the VNO epithelium must be clarified using more specialised stains, particularly since the nervus terminalis has an intimate relationship with the vomeronasal nerve in humans and other mammals (Brown, 1987) .

The present study supports assertions (Boehm & Gasser, 1993 ; Smith et al. 1997 Smith et al. , 1999 ) that the human VNO does not degenerate during fetal development and conflicts with other recent studies (Nakashima et al. 1985 ; . Instead, it is surrounded by a highly vascular and glandular lamina propria throughout development. Previous reports (Smith et al. 1996 (Smith et al. , 1997 ) also indicate that the VNO epithelium grows during the second and third trimesters. In contrast, Nakashima et al. (1985) suggested that the human VNO showed signs of degeneration at 28 wk of gestational age. Their criteria, absence of intraepithelial blood vessels and lack of mitotic figures, is based on observations of a single specimen. It is also noteworthy that absence of intraepithelial blood vessels is seen in the functional VNOs of some other mammals (Breipohl et al. 1981 ; Mendoza et al. 1994) . The results of Kjaer & FischerHansen (1996 a) were briefly discussed by Smith et al. (1999) and we provide further information here. The fetal VNO clearly has consistent spatial relationships with the paraseptal cartilages and premaxilla from late embryonic stages through birth (Fig. 1) . The VNO also overlaps with the vomer, but typically with the anteriormost portions of this bone (Fig. 8) . In their conclusion that the fetal VNO and paraseptal cartilages disappear, Kjaer & Fischer-Hansen (1996 a) primarily focus on 1 19 wk specimen. The figure used to demonstrate this specimen shows a plane in which the vomer becomes forked in cross section (Fig. 8 A) , a level at which both the VNO and paraseptal cartilages have typically ended in the anteroposterior dimension ( Fig. 8 B, D) . Furthermore, absence of a structure is difficult to demonstrate in sectional series, particularly based on a single specimen that could well represent a variant, for which primates are well known . Thus previous studies have been constrained by inadequate sample sizes and incomplete age ranges.
The results of the present study, in the context of existing literature on the subject, strongly support the claim that the human VNO is continuously present throughout embryonic and fetal development (Boehm & Gasser, 1993 ; Smith et al. 1997 Smith et al. , 1999 and persists beyond. These findings also suggest that humans are not unique among Old World primates in possessing VNOs during early development. The VNP stage has been noted for Papio (Hendrickx, 1971) and Macaca spp. (Frets, 1914 ; Wilson & Hendrickx, 1977 ; Zingeser, 1984) , and the presumptive vomeronasal nerves can be seen at embryonic stages for these primates (see Hendrickx, 1971 ; Zingeser, 1984) . During the invagination of the human VNP, the vomeronasal nerves maintain connection to the tubular VNO. Preti et al. (1997) and Preti & Wysocki (1999) emphasised the phylogenetic dilemma that would exist if only humans possessed VNOs among Old World primates. Based on the existing literature, it is possible that all primates may possess the earliest vomeronasal antecedent, the VNP ; some primates (Old World monkeys) appear never to form a tubular VNO (Hendrickx, 1971 ; Zingeser, 1984) . The simple tubular VNO, positionally separated from the paraseptal (vomeronasal) cartilages, may be a characteristic of the Hominoidea (or at least of Homo and Pan). Maier (1997) suggested that the superiorly displaced epithelial tubes of a 71 mm CRL chimpanzee fetus (Fig. 7G) were unlikely VNO homologus, essentially based on location alone. However, the with the similar sections from an 18 wk specimen (arranged in a ventral-dorsal sequence) from the present study. Note that the posterior portion of the vomeronasal organ (vno, B) is found in association with the paraseptal cartilages (pc), the premaxilla (pmx), and the body of the vomer bone (vm). However, note that both the VNO and PC have ended (C ) ventral to the section where the vomer becomes fork-shaped (Fig.  8 D) . Bar (B-D only), 1 mm.
location is quite similar to that of the fetal human VNO (Fig. 3) . A more complete prenatal study of Pan may reveal that the VNO follows a similar course of development as in humans. Although most attempts to locate the VNO in prenatal (Maier, 1997) and postnatal (Loo, 1973) anthropoid apes have failed, efforts should be continued, perhaps seeking a simple tubular structure similar to that of humans. It is very easy to overlook the VNO epithelial tube, as we believe may be the case in many reports where the VNO has been reported as absent (Jordan, 1972 ; Loo, 1973) .
Overall, specimens examined in this study exhibited a varied distance between the VNO and paraseptal cartilages (Fig. 1) , and it is possible that such variation was age-related (see Fig. 4B, C ) . In 1 case, Sandham (1985) has presented photomicrographs of human VNOs (24 and 27 mm CRL) that are not spatially separated from the paraseptal cartilages as reported in most other cases. These illustrations show the closest approximation of the human VNO with the paraseptal cartilages, at par with some other primates that possess well-developed VNOs. The ultimate explanation for the unique spatial position of the human VNO may be tied to characteristics of facial development. In explaining the homologous relationship of internal and external cheek pouches among certain mammals, Hall (1995) pointed to heterochronic and heterotropic mechanisms that affect cheek primordia. Both kinds of cheek pouches arise from primordia within the oral cavity. Differences between species reflect differences in timing of development (heterochrony) and, ultimately, altered position of the primordia (heterotropy). It is possible that the human (or even hominoid) VNO retains its unique position due to differential growth patterns (perhaps more vertical growth in anterior regions of the prenatal midface ; see Burdi, 1969) which characterises humans but not other primates or mammals in general. It is clear that we are only beginning to understand the variation that characterises the development of the vomeronasal organ, as recently discussed by .
Summary
1. All embryonic humans develop a vomeronasal organ that is homologous with that which forms in other mammals, but has become displaced in relative location during embryogenesis. 2. The human vomeronasal organ does not degenerative prenatally, but very likely loses some of the functional components of the vomeronasal complex found in other mammals. 3. The human VNO persists until birth and beyond (Smith et al. 1998 ; Bhatnagar & Smith, unpublished) .
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